Purpose: To ensure patient safety and surgical efficiency, much emphasis has been placed on the training of laparoscopic skills using virtual reality simulators. The purpose of this study was to determine whether laparoscopic skills can be objectively quantified by measuring specific skill parameters during training in a virtual reality surgical simulator (VRSS). Materials and Methods: Ten medical students (with no laparoscopic experience) and ten urology residents (PGY3-5 with limited laparoscopic experience) were recruited to participate in a ten-week training course in basic laparoscopic skills (camera, cutting, peg transfer and clipping skills) on a VRSS. Data were collected from the training sessions. The time that individuals took to complete each task and the errors that they made were analyzed independently. Results: The mean time that individuals took to complete tasks was significantly different between the groups (p < 0.05), with the residents being faster than the medical students. The residents' group also completed the tasks with fewer errors. The majority of the subjects in both groups exhibited a significant improvement in their task completion time and error rate. Conclusion: The findings in this study demonstrate that laparoscopic skills can be objectively measured in a VRSS based on quantified skill parameters, including the time spent to complete skill tasks and the associated error rate. We conclude that a VRSS is a feasible tool for training and assessing basic laparoscopic skills.
INtRODUctION
Among the most important advances made in surgery in the last three decades, one of the most significant is the clinical introduction of minimally invasive interventions through laparoscopy and, more recently, robotic-assisted laparoscopic surgery. Initially restricted to a select few areas of surgery (1) , the use of laparoscopy rapidly spread, necessitating capacitation as its use became adopted in many areas as the ideal form of surgical treatment.
The implementation of minimally invasive surgery requires specific and persistent training Can the learning of laparoscopic skills be quantified by the measurements of skill parameters performed in a virtual reality simulator?
and is accompanied by a long learning curve (2) (3) (4) . More psychomotor training and practice is required to perform laparoscopic interventions due to the two-dimensional representation of the surgical field through the monitors, the absence of orientation by digital touch, and the manipulation of structures by clamps and long work tools (5, 6) . During the long learning process, the number and severity of intraoperative complications are often far greater than those observed in open surgery (7, 8) . Thus, different clinical and laboratorial tools have been employed to combat this challenge, including the guidance of experienced mentors in patient interventions and training in animals or inanimate models (9, 10) . This "ex-vivo" learning is viewed as particularly valuable because it eliminates the ethical constraint involved in teaching surgery in animal models or humans, is considered efficient in the acquisition of psychomotor skills, is secure, and has a reasonable cost (11) . For these reasons, with the goal of improved patient safety and surgical efficiency, much emphasis has been placed on training laparoscopic skills using simulators that replicate the conditions encountered during actual surgeries.
The Surgical Council on Resident Education (SCORE), an agency dedicated to the development of training programs for surgical residents in the United States, has recommended the use of virtual reality surgical simulators in the laparoscopic training curriculum (12) . However, it is not known if the use of these simulators results in a quantifiable improvement in laparoscopic surgical skills. The purpose of this study is to determine if laparoscopic skills can be objectively quantified by the specific skill parameters measured when performing in a virtual reality laparoscopic simulator.
MAtERIAlS AND MEtHODS
This prospective study was developed in the Laboratory of Experimental Minimally Invasive Surgery, Faculty of Medicine, University of Sao Paulo. The virtual reality surgical simulator "LapVR TM " (Immersion Medical, San Jose, California, USA) was used for a ten-week training program (one session per week). Ten medical students (from the 1 st through 4 th years) with no previous experience in laparoscopy were recruited from the University of Sao Paulo Medical School, and ten urology residents (PGY3-5) with limited laparoscopic experience were recruited from the University of Sao Paulo Medical School. Informed consent was obtained from every participant. The training consisted of the execution of the following basic laparoscopic skills: camera navigation, cutting, peg transfer and clipping. For each skill, there were three levels of difficulty. During each training session, all tasks were performed at each level of difficulty. The length of the training was ten weeks, and each weekly session lasted approximately one to two hours. The number of sessions (n = 10) was chosen based on the previous demonstration that a plateau in the learning curve occurs within 8 sessions of using the simulator (13) . Each of the four tasks was performed three times during each session with increasing levels of difficulty (1 to 3). To insure uniformity, all participants were assisted by the same technician, who controlled the camera during the exercises except the camera navigation task.
The sessions were recorded, and an assessment of the performance was made by the simulator's software, which quantifies the time required to perform the task and the number of errors committed. Individual and group learning curves were obtained for each task and level of difficulty.
Analysis of variance (ANOVA) was performed with repeated measures of two factors, using the group as the fixed factor (Group I [students] x Group II [residents]) and the week as the repetition factor as well as assuming correlation matrices and unstructured and symmetric components between the weeks. For measures that showed statistically significant interactions between the groups and weeks, a comparison was made between the groups for each week. Contrasts were used to verify in which weeks the groups differed and in which weeks they began to be coincident. A 95% confidence interval was established.
RESUltS
The average times (in seconds) and the standard deviations for the completion of each skill (difficulty levels 1 to 3) were obtained weekly for both groups. A portion of these data are represented in Table- 1 (weeks 1, 5 and 10; level 2). As shown in this table, there was a reduction in the time task execution in both groups; this trend was not always followed by a similar variation in the standard deviation. In the first contact with the VRSS, the mean time to complete the tasks was in general (all three levels of difficulty) significantly different between the groups (p < 0.05), with the residents performing up to 2 or 3 times faster than the students on average. The residents' group also completed the tasks with fewer errors in the first week.
When we analyzed the tasks and the levels of difficulty separately, a statistically significant difference -with residents completing the exercises in a shorter amount of time -was observed at the first level of difficulty only in the first week for all four tasks (all with p < 0.05). Residents performed the level 1 camera navigation task more quickly (p = 0.02). At the second difficulty level, a significant p-value for task completion time was obtained only in the first week for the clipping skill (p = 0.04), in the first two weeks for the peg transfer skill (p = 0.03) and up until week eight for the cutting skill (p = 0.026). At the third level of difficulty, there was a significant difference in completion time between the groups up until week seven for both the clipping (p = 0.01) and camera navigation (p = 0.029) tasks.
We analyzed the errors during the clipping and cutting skills, the number of dropped pegs in the peg transfer exercise, and the ability to focus on the target in camera navigation task. Group II (residents) performed statistically better than group I (students) in the first two weeks in the level 1 ability to find the target with the camera (p = 0.019). Similarly, group II performed better in the first week for the level two dropped pegs task (p = 0.026). The most significant difference in the superior group II performance was observed for level three tasks: in the clipping skill in weeks The majority of the medical students and residents exhibited a statistically significant improvement in task completion time and error rate between the first 5 and the last 5 training sessions. Comparing the final performance of both groups, we found no statistically significant difference in any of the four basic skills for all three levels of difficulty.
DIScUSSION
Although minimally invasive surgery has revolutionized surgical techniques, laparoscopic skill acquisition has proven to be a significant and technically difficult challenge, requiring a different 'skill set' than traditional open surgery as well as presenting differences in cost, safety and ethical issues (14) . Among the technical aspects, learning laparoscopic skills demands three-dimensional interpretation of a two-dimensionally represented scenario and the manipulation of endoscopic instruments (15) . In addition, laparoscopic surgery has the further challenges of reduced depth perception and attenuations in the tactile sensations and end-force of the instruments (16) . Such factors produce the broader base and greater slope of the learning curve, which presents a challenge in the OR environment (17) (18) (19) (20) . In this sense, VRSS has emerged as an intriguing and promising tool, enabling apprentices to acquaint themselves with this novel reality, to practice basic skills and to practice specific procedures of minor complexity. This device offers convenient and unlimited practice with the advantages of low cost and the absence of ethical concerns (21) . However, it is unclear whether the use of VRSS results in a quantifiable improvement in laparoscopic surgical skills.
Previous studies have demonstrated that VRSS is a useful tool to discriminate novices from experts (22, 23) . In the present study, our general analysis was similarly able to distinguish medical students with no laparoscopic experience from residents with laparoscopic experience. In a deeper analysis, when we examined each basic skill separately at the three difficulty levels, the ability to discriminate between the two groups was not always present. A significant difference was observed at the first level of difficulty for all tasks but could not be observed for camera navigation at the second level or for cutting and peg transfer at the third difficulty level. When we assessed these differences throughout our training, we observed the trend that the performances gradually reached a plateau and became similar, so that by the end of the training, there was no significant difference between the groups. Our findings of the time to achieve plateau were consistent with previous studies, which shown that ten weeks is more than sufficient to ensure that a plateau in the learning curve was reached, even for beginners.
Learning is indirectly represented by the improvement in motor performance, which is inferred in terms of the speed and task precision in repetitive trials. In our study, we observed the skill learning in both groups through numerical and graphical displays ( Figure-1 -learning curves of time on clipping skill, for all three levels). In support of these findings, previous studies have demonstrated that VRSS training results in a decrease in task conclusion time coupled with an increase in task execution accuracy for trainees without previous experience as well as for trainees with limited laparoscopic experience (24) .
We recognize several limitations in this study. The number of participants used in our study may have been insufficient to demonstrate greater significant differences between the groups over the weeks of training. It is possible that increasing our sample size could empower the study and show larger differences in the trends found.
cONclUSIONS
The many potential benefits of VRSS have prompted their emergence as optimal tools for training outside operating room. Our findings demonstrate that basic laparoscopic skills can be objectively measured using the skill parameters performed in a virtual reality surgical simulator by monitoring the time spent to perform the skill tasks and the associated error rate. VRSS has been shown to be a feasible tool for the training and assessment of basic laparoscopic skills for trainees without previous laparoscopic experience as well as trainees with limited experience, with more gain for the former group. However, it remains unclear whether improvement in the skill tasks in VRSS can be directly translated into improvements in actual surgical performance.
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